Learning to automatically detect features for mobile robots using second-order Hidden Markov Models by Aycard, Olivier et al.
HAL Id: inria-00071926
https://hal.inria.fr/inria-00071926
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Learning to automatically detect features for mobile
robots using second-order Hidden Markov Models
Olivier Aycard, Jean-François Mari, Richard Washington
To cite this version:
Olivier Aycard, Jean-François Mari, Richard Washington. Learning to automatically detect features










   



















ap por t  
de  r ech er ch e 
THÈME 3
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Learning to automatically detect features for mobile
robots using second-order Hidden Markov Models
Olivier Aycard , Jean-François Mari, , Richard Washington
N° 4659
Novembre 2002
Unité de recherche INRIA Rhône-Alpes
655, avenue de l’Europe, 38330 Montbonnot-St-Martin (France)
Téléphone : +33 4 76 61 52 00 — Télécopie +33 4 76 61 52 52
 
	





 6 *78:9 6 ;
<!
=/>@?BA?@CEDGFHIEJKDMLONQPSRTC2JTUVW*DXJTU YQZ[?@\



















<ñ øÊ÷ÿôý	 ÷	øôÿ÷Äõ öMõÄ÷ÿø ð(ø*õ !#"$ % ø
&(' *),î¯ðâòKóôõ ö÷ÿøù@õ úÎ÷,+ô-	.0/1.#2435(ô6,öMøÊ÷,7 ÷X÷98:#ø(ôÅ÷<;=%>!øÊõ?Äý(øÊõ@ % ø
A +ð*BXðCÿý(ô-úÎøÅúÎýøED,õûú F),î¯ð(7GBHH+ðBðÕðI÷^ù(),÷^ù@÷ø F7 ÷ô-úÎ÷ÿøïJBK-#2LòMïý#N}÷ÅúÎú*2õÄ÷O::7[ðCL#/.	óBXð4
øÊõ@ PD*÷Q(õ R ø# ô(ù	 "(ýö
 	(8 $8 	;
 





 6 *78:9 $! ' !8'  
*






















































&oMxu^w^o½yMxds  Koo-Ò   xnb{} z|obw^{} K{du½x½^ d{QxdG	¯{}w½xsxMEz}xuvz|{}sÛxdsHJIx!(MxdsxK0














Sk<lzÝw{} |o-n y-xds; Koy-xd^z  oLz×uvl¿uvlo
	¯{}|{#zsGyw^z×uvo-wz x$
S ¨2¦§¨.UT¨§X¦9VXW © V¯¨.Y k<lo  w^uy-w^z×uvow^z{ds;z|uvl2osxu^w^o{	Óuvl2o	¯oMxu^w^o!
k<lo	¯o-xuv2w^o-.yMxds Koxdwÿuvz  
y-zxdÊXu^lxu*z-dxdo8uv{:uvloao*z|uvz|sosQz|w^{}s2n;os u














uvz|n;oty{}s^2n;z|s  Ko-y-xdouvloa	¯o-xuv2w^o-½lxXdouv{+ Koo^zdso- xdsãu^{+  o1 {}z|u^z{}soÛz|sãuvlo
o-sQEzw{}snbo-sQu
dN~{}w^o{X}o-w^z|sfxwuvz  y-zxd	¯o-xuvwo-/z'znbK{}^z |ozsOsE s{#s {}w/w^on;{uvo
o-sQEzw{}snbo-sQuv

&Ue  ÷*% ÷ú #øÎ÷^ùEøÊ÷ þ$ú@úÊ÷ÿøÊô#ùEÅýþý-ù@÷:ý% 08	ùf$øÊ÷ùP(ô÷ ùf$øÊ÷*õ ùIÅý ýøÎ÷õÄô 	@Ug<ý(øEDE õ úÎ÷
   ÏÌ È^³dµº#¶EÞÏ¾+³dµ°
	Ï Ø ³#±®E°B¬EÐd­Å¸#¬
£¨ . ç ¦#VÎ©}¨.UT2¥¦X¨2¦#VÎ¥¦#VÎ©}¨. æ ¦ ê ë¥Y o-xuvwoSou^o-y(uvz{ds$lxd,  oo-s$xd2w^o-^o8  z[ow^o-sQuxw^{}xdylo-

















xd^{Ey-z x#uvz{dsG{	Kuvlo<z}sxxdy_E2zw^oK	¯w^{}n ^o-s2^{}w=z×uvl¿xnb{o2{	Tu^lo1	¯oMxu^w^ou^{zos u^z	 
Z{}w
zs2uxsy-oxn1xd2ylz  % dQDo-$|u^wvxd{}sz|yG^os^{}w$u^{' z|ÀoEzosy-o¿}wzLJ/S	¯o- % } +











rts~u^lo8xsxd u^zyMxxdw{QxdylÓ oGxdz|n uv{;sowÿ
uvxdsÀuvlo¿o-s{}wxux'xds2Õ 2z|Àx'wo-wo-o-sQuxu^z{}sÕ{	Ýuvl2o-^obxuvx
K-.u$xduvlo½o-s{}wxux
n;x#G  os{}z|dE{$u^lo-z|wSzsQuvow^wouvxuvz|{}s¿n1xGs2{dua  ou^wvxdz|}lQu 	¯{}wxw^; nb{}w^o{do-wE{Xdo-w^ ¿^z|n;|o
o^y-wz2u^z{}s2{	u^lo^os^{dwSxuxC@o
ûE














£¦ ê ¨2¦9V@©<T ¨ ¨. æ ¨¦ § æ ë æ WOVB¦9V ê =Y k<lo^ou.{	;	¯o-xuvwo-auv{$ou^o-yuy-{}|; Kodz|}os1n;xds 
xd|{}w*zy-{X}ow^o¿xd2uv{dn1xu^zy-xd K¯k<lw^s[ % } +
rtsGuvlon1xds xxw^{}xdylÓdu^lo.ouz| o  so
  l n;xdszsu^lo½Ko-w^yo-2u^z{}su^loâlxM}o¿{	Ýuvl2oGo-sQEzw{}snbo-sQu
GzsyoGlz|}lo(}ow^{} K{du^zy








uvl2o½^ouz|xd|n;{}ÿux.x#Eo  so  l n;xds
:{#.o(}o-ww^{}Ko-w~o  szsu^loC	¯oMx#uvwo-^{
uvlxuuvl2oy-xds+ KoGw^oy-{}}s2z)(-oÀw^{} 2uv â  xw^{} K{duwo-n;xdzs2xz;y|uw^{d on Kuvlz|xdKo-w
w{} {d^o-xGnbou^l{Ea	¯{}w.u^lz2w^{} |o-n^
 rts'y-{ds u^wvxdÿuMl2o-s	¯oMxu^w^oxdw^ozy-{X}ow^o-~xd2u^{}n;xuvz 




 æ "! ê §¨. . çÒæ$# ¦ æ ë æ ëZTEV%¥¦X¨ ¦M¨ æ ê ¥& æ ¨2¦ § æ ¥Y {}nbo^	¯o-xuv2w^o-;yMxdsf{}sÒ Ko/zos u^z  of  



















ou^o-y(usxuvw^xdÊKuvon;K{}wvx'o+*Euvo-s2o-P	¯oMxu^w^ouvlxulxM}o¿  oo-sÀn;xds xd /o  s2o-;









 w^{}n xâou½{!	uvw^xdzsz|sâxuxâ2w^{Ey-o   Ûz×uv$^o-s2^{}w









}z|do-sâu^loGo-s{}wxuvx¿q uvlo ³8²¸X±(­t´(µ(°Ê¸#µ° 2w^{} x z|z|u';q zn1x *z|n;z(-o-"
&`o8y{}nG z|soGxsxd u^zyMx
n;o(uvl{Eu^{½o  s2ou^louv{d {}|{}b{	uvl2oxd2uv{dn1xuvxz|u^l
uvxuvz|uvz|yMxdKxuuvow^sy- x^^z  yMx#uvz{dsn;o(uvl{E
uv{;xd#ÿu<uvloxwvxdnbou^o-w^{	uvl2o$nb{Eo-.

k<l2o  N N xdw{Qxdyl'zx  o*z |onbouvl2{	¯{}wlxds|zs8u^lo xw^}oxdwz xd 2zz×u'½{	*y-{}nb|o*;uvo-n½





k<lo½xdwÿuvz|y-xdw:xdw{Qxdyl oG^o8zu^loGo-y-{dst{dw^ow  N N % N Nâ¡D("l2zyl+lxM}o8  oo-s+o-Àzs
^Ko-oylw^oy-{}}s2z|uvz|{}sPN~xdw^zÎ x#uv{}sÓ 0 Aw^z{dz|od % }D2{	Bu^o-s/{}2uÿtKo-w	¯{dw^nbzs  w^uÿt{}wo-w N N~

k<l2zx owz{dw^Qxds2z)(-oÀxd	¯{}|{#














 k<losLo:w^o-K{}wÿuSw^o xu^o-K.{dw Gz|sbo-y(uvz{ds;<











  }o-wãy{}n;2ou^o;u^2uv{}wz xdÝ{}s  w^ÿu½{}w^2o-w :z2o-s Nâxdwd{X










 o-y{}sâ{dw^ow :z2o-s Nâxdwd{X N~{Eo-'&âz|<^Ko-y-z  o-/  b$
( x½^o(u{	*)5uvxuvo:y-xd|o-~y-{}sQuvxdzsz|s¿xu:o-xdu{dso  sxd,ÿuxu^o
( x¿pb2znbo-sz{}sx[n;xuvwz *,+-/.0{X}owa*~M*~
+-/.02143658789;:=<?>@1BAC0ED8<?>GFIHJ1BAK.MLN<O>GFQPR1SAE-T  % 
14365U7;9;:=<?>@1SAV0VD8<O>GFIHW1SAK.CLN<O>GFQP1BAE-LN<?>GFQXY1[Z\Z]Z^T
)I)4ôU_ /2 .#L





0 H + - . 021 ! = !
		) L6!		)
low^o <O>*zuvl2oxyuvxd,uvxuvo$xu<u^znbo 
( oMxylâuvxuvo AE-zx^^{Ey-zxuvo^z×uvl/x½n;z *Euvwo{	xd^zxds'zÿuvw^z| 2u^z{}s$
9N- :>=T1 
  H
-  :> -  L -  T L Ê¡D
   
  H
-  1 !
low^o >[z|Ýu^lozs22uÝ}o-y(uv{}w¯u^lo1	¯wvxdnbo#x#uSuvznbou
 k<lonbz *Eu^w^o<{	!xd^z xdsbz|uvwz uvz{ds
z'{}s2oÕ{!	u^loÀn;{}ÿu' {#o-w	¯w^{} xd z|z|u'Úzÿuvwz 2u^z{}sÚuv{ w^o-2w^o-o-sQuy{}nbo+*jxdsOnG×uvz 
z|n;os^z|{}sxd w^{} xd z|z|u';^xy-o

k<lo$w^{} xd z|z|u'b{	uvloÿuxu^o$o_ osy-o#"[14<;H?LN<OPVLVZ]Z\Z]LN<%$+z<2o  soâx
365U7;9;:&" TW1('*),+ +),+)&-
$.
>/ X +)0213-&)&0214+5) 0 Îp 
lo-wo62-z.u^low^{d xd z|z|u'¿{!	 ÿuxu^o AV-x#u<uvznbou 7 % xds#+ - .z|uvlow{} xd 2zz×u'b{	uvlouvw^xdsz|uvz|{}s
AE-!8 AK.xuuvz|n;ou 7 ¡<

z|do-s~x;o_ o-s2y-oG{	 {} o-wdo-do-yu^{}w^ 1 7HKLK7;PELVZ\Z]Z]LK79$u^lo<{dzsQuuvxuvot{}2u^2uw^{d xd z|z|u'
3 587;98:" L D & T(z<o  so-âxd$
365U7;9;:&" L DU& T 1(6 ) + 9) + :& HT +) + ) - 9) - :&PKT
$.
>/ X +) 0213- ) 0214+ )&0 9)&0 :&>T @
	
	 :<;>="!?A@CBD,E? F;HG
k<lo1wo-y{}}sz×uvz{dsÕz|yMxdww^zo{d2u$ Àu^lo z|u^o-w^ 2zÝxd}{dw^z|u^ln7.{}w^s2o} % p lzylou^o-w^nbzs2o-uvlo
n;{duzdoÿuxu^o^o_ osy-o}z|do-s/x¿^o_ osy-o{	*{} ^owxu^z{}s

rts z|o-sNâxdwd{XaN~{2o-n;xds ½ÿuxu^o^o_ o-syo-<n;x½}o-s2o-wvx#uvou^lo:vxdnbo{d ^ow}o^o_ o-syo














Qk<l2onb{}uÝ|z)o-uvxuvo:^o_ o-syoz|Z	¯{}sb  ½^z|suvlow{} xd z|z×u'{!	[uvl2o:xdwu^z xd2xdz|}snbo-sQu
o-s2zs;xu<uvw^xdsz|uvz|{}s : AK.CL AV0ETx#u<uvznbo-GBu % ûu[
N >:2 L%O TJ1 ÊD
365U7;9;:=<MH LVZ]Z\Z <O>GFQPCLN<?>GFIHJ14A .MLN<?>@1SAV0;LK7 H LVZ]Z\Z]LK7C> D & T







N >:/ L%O TW1  +H -   N >GFIHE: LT
	M+ - . 0	V9 0:&>=T Î 






:k<loGnb{}ÿu|z)o-'ÿuxu^oo_ osy-o <;HKLVZ\Z]Z]LN< $Õz|{} uxdz|so-
  ,do-ozs2~uvw^xdy[{	. xdy[K{}z|s u^o-w	¯{dw$o-xdylÕy-{}nb2uvxuvz|{}sÀ{	 l2zylÕw^o(z|{}uvw^xds^z×uvz|{}s+o-xduv{
uvlobn;x *zn;xdxdwÿuvzxdxu^lÛw{} xd 2zz×u'D




 :<; BG  D ; BD,E? F;HG
k<lo
o-xdw^s2zs/{	<uvl2on;{Eo$z8Ko-w	¯{}w^nbo-  Ûuvl2o-xd2n¿`Ûoyl xd|}{}wz|uvl2n)^z|sâu^lo1n;x *znG2n
zdo-|zl{E{E o-u^zn;xuvz|{}s y-wz|u^o-w^zxuvlxu;o(uvo-wn;z|so-¿uvl2o~ Ko-ÿu1nb{2o-û¿xdw^xdn;o(uvow^bxdy-y{}w^2zsÀuv{Õuvlo
y-{}w{!	,z|u^o-nb
 rtsQu^z|u^z|}odEu^lzxdd{}w^z×uvln y-{}sQu^.uvlo:s nG Ko-w{	,{Ey-y-2w^w^osy-o{	,o-xdyluvw^xdsz|uvz|{}s
  o(u'.oo-sÕuvloGÿuxu^o-$xdsu^lo½s nG Ko-w{!	{Ey-yw^wo-syo-{	aoMxyl{} 2^o-wÿxuvz|{}szsÀxdz|}os+uvxuvo½z|suvlo
uvw^xdzsz|sy-{}w













| 79$Ûz}z|do-sÀ  âuvl2o½^n){!	au^lo{}z|s uw^{} xd z|z|u^zo-¯}z|do-sÀzs






Sk<lo	¯{}w.xdw^'w{} xd 2zz×u'@> :/ L%O Tz3$
 58789;::& H LVZ]Z]Z\L>147 H?LVZ]Z\Z]LK7C>=T?L <O>GFIHW1SAK.ML <O>1SAV0CD & T  D
k<lzw^{} xd z|z|u'
wo-wo-o-sQuvuvl2o8w{} xd z|z×u''{	Ýuvxdwu^zsL	¯w^{}n uvxuvoG¢xdsosz|saz|u^lâuvl2o8uvw^xds








@> HE:2 LO T1  -  H  >:5 L QT?Z + - .0;Z 9 0 :&> HT L   
$ 	 Q	SR "! L !	 L%OU	)
k<lzay-{dn;uxu^z{}s¿zÝznbz xw uv{6z×uvo-w zoy-{Ezs$o*yo-2uu^lxua^2n;n;xuvz|{}s¿zÝo-z|su^oMxdb{	Ón;x *\

k<lo;xd|o !$*:2 L%O T low^o AC0 7 "z|u^lobw^{} xd z|z|u'/uvlx#u$u^lobn;{Eo-W&Û}o-sowvxu^o-$uvlo¿^o_ o-syo
7H?LEZ\Z]Z\LN7M>'
  s{du^lo-w2^o	¯2Z_ xdsQuvz×u'âz|uvl2oG xdy[ .xdw^,	¯sy(uvz{ds"! >:L QT([2o  soÕxduvl2oGw^{d xd z|z|u'
{	[u^loxdwÿuvz x2{} o-wÿdx#uvz{dsbo_ osy-o 	¯w^{}n # !uv{LR$ }z|do-s½uvl2onb{2o- &1xsbu^lo<uvw^xds^z×uvz|{}s#: AE-LKA .?T
  o(u'.oo-sâu^znbo- "!$xds yMxds/ Ko$o+*w^o^^o+xd$
! >:L QT14365U7;9;:&> H LVZ]Z]Z  $ D;<O>GFIHJ14AE- LN<O>1BAK.ML & T?L Î 








!A$*:5 L QT 1 ! z	"!
	 L	)
¡<
o-y-2w^^z|{}sF	¯{}w2$ 	 Q	SR "!
! >:5 L QT 1   -  H ! > HE:2 L%O T?Z +-/.0UZ 9K0:> Hjz	"!	 L 	)
z|do-s+xnb{Eo-*&xds2Àxds+{} o-wxu^z{}sâ^o_ osy-o ;b.o8o  s2o ;> :L  L%O Txduvl2o½w^{} xd z|z|u''{	
uvlouvw^xdsz|uvz|{}s AE-* 8 AK.  8 AV0$ Kou'o-os "!8xds  #4!$wzs¿uvl2oon;z|^^z|{}s'{	 u^lo${} ^owxu^z{}s
^o_E2o-syo

 ;> :L  L%O T12:=<?>GFIHJ14AV-LN<O>1BAK.MLN<O> HW1SAV0VD4L & T?LS$P	  	SR "! Z
`Ûooyo$
 ;> :L  L%O T1 @> :L QT+ - . 0V9K0:> HT ! > HE:/ L%O T3:& & T L $P	  	SR "! Z  % ¢ 
 zs
uvlo  w^u{}wo-w.o$o  soE> :5 L QTxds > :T$
E>:L QTW1  0 H  8>:5 L  LO T?L  %D% 
 > :T1  .  H E>: LT Z  % ¡D
O> :L QTwo-wo-o-sQuvGu^lo ³(²¸X±(­t´(µ°Ê¸#µ(° w^{d xd z|z|u'âuvlxu$uvl2o1u^{ylxdu^zybw^{Ey-o^½xdyy-{}nb|z^l2o-uvlo
uvw^xds^z×uvz|{}s#AE-!8 AK. Kou'o-o-s *"!$xds .xd^n;z|s½uvlo3l{do2uuvo-w^xdsyo

 > :5 T[wo-wo-^osQuv*u^lo ³(²¸X±(­t´(µ(°Ê¸#µ° w{} xd z|z×u':u^lxu,u^loÝw^{Ey-o^z,z|suvloSÿuxu^oTx#u,uvznbo*[xd^nbzs
uvlo3l{do2u^u^o-w^xdsy-o!





k<l2ou^wvxds2	¯{}wn1xu^z{}s1zs	 H<z.{}so  'xM}owvxd}z|s½uvloy{}sQuv 8>:5 L  LO T.{X}o-w:xd|[uvl2oux#uvo-
SuvlxulxXdo Ko-os~Ezz|u^o-/xu<uvz|n;o *"!D

  H> :/ L%O T1   -  H  8>:5 L  L%O T  % p 
zu^loy- x^^z|yMxd  w^ÿu{dw^ow:y{}sQu:{	uvwvxs^z×uvz{ds<  o(u'.oo-s¡	 H<ÿuxu^o- Kou'o-o-s <xds  # !D

*zsxd|d u^lo  w^ÿu{}w^own1x *z|nGn z)o-|zl{E{ N IO.o-ÿuvz|n1xu^o{	 +-/.0z$
+ - . 021  >  
H> :/ L%O T
 0 >  
H> :/ L%O T 1 
- >  8>:5 L  LO T
 - 0 >  ;>: L L%O T
Z  % 
k<lz<xd|oz<z|so-Ko-s2o-sQu{	 axds2/y-xds/  o3w^z×u^u^o-s/xd +M.0 

k<l2o$o-y{}s{}w^ow N Io-ÿuvz|n1xu^o{	 +-/.0z<dz|}os~  u^loo_ xu^z{}s"$
+ - .0 1  >  8>:5 L  LO T
 0 >  ;>: L L%O T
1 
$ FQP>/ H  8> HE:L  L%O T

$ FQP>/ H E> :5 L QT Z  % D
î +),î¯ð
 ´^³dµ(¬°B¬EÐb­Å¸1³dÇE­Å¸#¹b³d­@°ÊÈ^³dÃBÃÍÌ1ºE´(­Å´È(­TÉM´^³d­ÎÇEµv´±ÝÉM¸#µ¹1¸d»-°BÃ´µv¸d»(¸#­¯± 
k<l2o N IÛo-ÿuvzn;xu^o-<{	uvlonboMxds/xds2~y{xdwz xds2y-oxdwo$dz|}os' 
u^lo3	¯{}w^n8 xd$
 - 1  >  > :T>
 > Q>: T
L  %  
 - 1  >  > :TE:> M -TE:> M -T
>
 >  > :5 T
Z  % D
    /(		(   &'	(  $&+$	!









	¯{}|{#zsGo-y(uvz{ds1.o$o*xds2^	¯wÿuvlow{}s/u^lo^Ko-yz  y&	¯{dw<oMxdyl~o* ow^z|n;os u

k<l2o$ÿuvos2o-y-o^^xdw'uv{bxd2  N N¡#:u^{b2ouvoyu 	¯oMxu^w^o:xdw^ou^lo3	¯{}|{9z|sE$
% 
&4o  szs2bu^losE2nG  ow{	 2zu^zsy(u1	¯oMxu^w^o<uv{¿zosQuvz	 xds'uvlozw<ylxwvxdy(uvo-wz)(-xuvz|{}s;

  z|o-s Nâxdwd{X N/{oblxM}oâu^lox z|z|u'Ûu^{Ûnb{2o-<^z|}sxd|Ll2{}^o~w^{}Ko-wÿuvz|o-bylxds}o
z|u^lbu^znbodDoyl2{{}ox^o(ua{	Óo-s{}w^ ÎxdSuvl2o{} 2^o-wÿxuvz|{}s[ u^lxuÝlxM}os{du^zy-o-xd |odxw^z x#uvz{ds
losâuvlo$nb{} z|ow^{d  {du:z|:{d ^owEzs;x¿xdwu^zy xdw?	¯o-xuv2w^o
.k<loG	¯o-xuv2w^o-xdwoyl{d^o-s 	¯{}w<uvlo

















& z|szs2Guvlonb{}u:xd2w^{}2w^z x#uvonb{2o-[u^{bwo-wo-o-sQux½^Ko-yz  y3	¯o-xuvwo

 z|}w^o % $Sk*{}K{}|{};{	 ÿuxu^o-:^o^	¯{dw<oMxdyl~n;{Eo-[{	 	¯o-xuv2w^o
4o^zdszsu^low^zdl uÝnb{Eo-z|s¿xu^u^o-ws;wo-y-{d}sz|u^z{}s¿z| Es2{9s1xdSuvlonb{2o-o-oyu^z{}s¿w{} on
xdsfzbuvz|xdsf{} os xdwoMxÕ{	w^o^oMxw^yl;
 -xd^o {}sÚ{}w1o+* ow^zosy-o~zsÚ^Ko-o-yljwo-y-{d}sz|u^z{}s[











xuuvow^s'uv{¿  oz|o-sQuvz  o-/xdyy-{}wzs2¿u^{½uvlouvxuvo2wvxu^z{}s'w{} xd z|z×uvzo

)I)4ôU_ /2 .#L
% ¢   ÏÌ È^³dµº#¶EÞÏ¾+³dµ°
	Ï Ø ³#±®E°B¬EÐd­Å¸#¬
rts'uvlonb{oÓozy(uvo-/zs  dw^o % 2u^low^xuvz|{}s'zs
uvxuvo.<n1x Koo  so-âxd3$
  .;:T 1 
  .;: !MT 1 + - . 0UL 1 1 O
  .;:@T 1 :!  +-/.0ET
	M+	 FQP. . . 	Q: !  +M. . . T L  
 $




'.wEux 0 :{}od % D.  o(u^uvow:u^lxds'uvlo$y-xd^zy-xd,o*K{}so-sQu^z xd,z|u^w^z 22uvz|{}s























Àk<loy-{dsu^w^y(uvz{ds {	<uvlo;y-{}w½z|$u^znbo(ty{}sn;z|s 2u½z|8yw^yz xdÝuv{o [oyu^z|}o
o-xdw^s2zsE

 nb{oÓzuvwvxzsoz|uvl'o_ o-s2y-o-{	^os^{}wx#ux½y-{}ww^o^K{}sz|s½uv{Guvl2o$xdwu^zy-2 xdw 	¯oMxu^w^o
z|u w^ow^o^o-sQu^
az|sy-o.xw^s½z| y{}n;K{}o-G{	Kx^o_ osy-o{	 	¯o-xuv2w^o-1Îxds8s{du{ds${}so 	¯oMxu^w^o(
oso-ouv{Go-}nbo-sQuxdsxd  oToMxdyl
ws;
Sk{G ow	¯{}wn"uvlz|.{}Ko-w^xuvz|{}sÓ .o^ou^lo2w^oEz|{}^ 
o  so-y-{Qxw^^o½wouv{'z2o-sQuvz 	 âo-xdylP	¯o-xuv2w^o¿xdsÕo*Eu^wvxdy(uuvlo¿w^oo(dxs uo_ osy-o8{	axuvx











R:^z|sÕu^lz¿}w^xdnbn1xdwaxd.u^lo  N N¡#xdwo/nbo-w}o-
zs x+ z|}}o-w  N N {}s8lzylÒuvl2o,z|u^o-w z<xd|}{}w^z×uvln z|½^o;
 k<lz¿}w^xdnbn1xdw$z¿x+wo-}xdw
o*wo-^z{ds
o-y-w^z| zs28uvlooQxdT^o_E2o-syo-{	 N N¡z|uaz^ouv{Es2{9ju^loK{}^z |o .xE






ylxdz|s-s{Eo-y{}w^wo- {}s2uv{ N N¡<x^^{Ey-zxuvoaz|u^l
x8xwuvz|y-xdw=	¯oMxu^w^o!
=/Ý2}o- Kou'o-os
u'{  N N¡# y-{dw^w^o^K{}sGu^{xnbo-w}o Kou'o-os½uvlo xdÿu ÿuxu^o{	{}s2o N N¡xdsuvlo  w^ÿuSuvxuvo
{	Ýuvl2o½{duvlow  N Nâ¡<
8k<lo½2w^{} x z|z|u'~xd^{yz xu^o- z×uvl+oMxylo}o½w^ow^o^os u^$u^loG|z)dol{E{
{	uvlonbo-w}o

k<losÓ u^lonb{}ÿu|z)do1^o_ osy-o½{!	Suvxuvo- xd2ouvow^nbzsoâ  'uvlo6z×uvow^ zxd|}{}w^z×uvln/22ouvowÿ
nbzsouvlo<{}wo-wo-bz|uS{	b	¯oMx#uvwo-Suvlx#uSuvlow^{d  {duvx 2w^zs2$z×uvSws;
ruÝnG2uÝ Ko:s2{duvo¿u^lxu
























Ürtsfu^lo~u'{ 	¯{}|{#zsÀo+*2Ko-wznbo-sQuv oo*Ko-w^z|n;osQuxd| ^x#Ëu^lxuL.o














  	¯o u'E o.{	,ow^w{}w^ayMxds
{Ey-y-2w$







æ . æ ¦9V ê aª uvlow^{d  {dulxdn;z|^^o
uvlo3	¯oMx#uvwoa 	@xdoso-}xuvz×}o#+
K ¤*¥¦9VB¦ ,¦9V ê Ýª uvl2o$w{} K{du<lxdy{}s	¯o-~u^lo3	¯oMxu^w^o3z×uvl/xds{du^lo-w

rts1u^loo+* ow^znbo-sQu^au^lxu .olxM}owsÓ uvlo:w^o^×uvxdw^o:^nbn;xdw^z(-o-  wu<xy{}s	¯z{}s;n1xu^w^z 
y-o-"l2o-w^o¿xso-|o-nbo-sQu  - .z:uvloGs n8  ow{	Su^znbo-uvloGnb{Eo- 
lxd Ko-os+w^oy-{}}s2z)(-o losuvl2owz}lQuxds.ow .xd 	¯o-xuvwo Kxdsâo-y{}s z×uvl'uvlo$}{d xd,wvx#uvo{	Swo-y-{d}sz|u^z{}s[zso-wÿuvz{dsÓ
^2 u^z|uvuvz{ds~xs~2o-o(uvz|{}s;









  	( !Óì+ 	 ¿  
	' $/  
	(	(8 $" !
	 $ 	''¿ !,, '  ¿9;	(*/ ½

























 :<;4 G B 	 G  @,D  ? @  
rts+uvlz|o*Ko-w^z|n;osQuM"o½^oÕx


















	 .¯¦X§¨¥ ê OV@© KÓæ ¥ ê §#¥dª k<loxs}o' Kou'o-os u'.{ã2|uvw^xd^{dszy'^os^{dw^1z|¡d¡<
 Ào-dw^o-o-xds2foMxyl
|u^wvxd{}sz|y^os^{}wÝlxÝx KoMxn zuvl¿{	 xdw{*2z|n1x#uvo- ½¡p
Ä2o-}wo-o-
=- Go+*2xdn;z|szs2xd % ^os^{dw^-
.o;yMxdsÕ{} 2uvxdzsÕx/p}}¢'o-dw^o-obxds2{}wvxdnbzyz|o 	@xzw^ âw^xdz|
bk<l2o;×uvw^xd^{}s2zy½^os^{dw^8dz|}o¿w^xds}o
















       	 BD  B     Y?D B  S@    BW
ow^o oâz|^y^1u^loâ oy-z  yz^oxdwzzs,	¯w^{}n xEz|s N N¡1u^{u^loâw{} |o-nì{	z|s{E{}w





 ´^³dµ(¬°B¬EÐb­Å¸1³dÇE­Å¸#¹b³d­@°ÊÈ^³dÃBÃÍÌ1ºE´(­Å´È(­TÉM´^³d­ÎÇEµv´±ÝÉM¸#µ¹1¸d»-°BÃ´µv¸d»(¸#­¯± % p
"START ANGLE" "END ANGLE"
T-INTERSECTIONCORRIDOROPEN DOOR
S  CORN R EN  CORN R
 z}2w^op$Sk<l2oxdy-ouv{bo-xdw^s
  Y;Y   æ ¥ æ ¦ ê  ! .¯¨© æ ¥
'.w^wo-sQuv }"oGnb{2o-  }oG2zu^zsy(uvz×}o$ xdyo-u^lxuxdw^ow^o-2w^o-o-sQux#uvz|do½{	Ýxds+{ ;yo8os Ez|w^{}snbo-sQu$x
y-{}ww^z|{}w-Kxbk.tzsQu^o-w^o-y(uvz{dsÓKxK>Åÿuxdwÿuvz|s!@y{}w^s2o-w l2o-sâu^lo8w{}  {unb{X}oxx^	¯w^{}n uvloy-{}wso-w[xds





















í  -ú@úÊþ	<DEDED, øÊýdýúÊù Åý
)I)4ôU_ /2 .#L







 z}2w^o$Sk<l2o$u^lw^oo${}sxdw^o 	¯{}wu^lo^o-dn;os uvxuvz|{}s'{	 x¿k.zsQuvow^o-yu^z{}s
Ezsyoxd  xdyo-<o+*2yo-2u:uvl2o$y{}w^wz{dwyMxd2^o$x½s{duvz|y-o-xd odxw^z x#uvz{ds{}s
uvlo^ouvl2w^o-oo-s{}w^:{X}o-w
uvz|n;o=o'o  so
uvlo' Ko-}z|sszs2{	xÀ2 xdyolo-sÒuvlo  wub^os^{dw ûbnboMx^wo/osãzsyw^oMx^o-















  Y;Y    æ  ê ë æ .a¦ ê § æ !*§ æ ¥ æ  ¦ æ ¨©  ! .¯¨© æ
rtsuvloG	¯{}w^n;xd|z^n o-y-wz Ko-+zs~^oyuvz|{}sÀ¡ oMxdyl+2 xdyo$u^{  ow^oy-{}}s2z)(-ozn;{Eoo-~  xds  N Nâ¡













 ´^³dµ(¬°B¬EÐb­Å¸1³dÇE­Å¸#¹b³d­@°ÊÈ^³dÃBÃÍÌ1ºE´(­Å´È(­TÉM´^³d­ÎÇEµv´±ÝÉM¸#µ¹1¸d»-°BÃ´µv¸d»(¸#­¯± % 
l ^o$yl{{d^ouv{¿n;{Eo,oMxdyl~ xdyo  /x¿u^lw^oo(tÿuxu^onb{Eo-.
Sk<lo{d ^owxuvz|{}so-x:z|s2u:{	
oMxdylân;{Eo-,y{}szu{	*uvlo  w^ÿu2o-w^z×xuvz×}o${	 u^lo$xd|o{	 u^lou^lw^ooo-s{}w^^oâuv{bylxdw^xdyu^o-wz)(-o
xbxdwu^zy-2 xdw xdyo







  dw^o DGy-{}sQuxzsbu'.{y-{}wso-w @{dsoxu¿u^loâÿuxdwÿu1{	uvlo~y-{}ww^z|{}wbxdsÚ{}so~xu;u^loâos <xk.
zsQuvow^o-yu^z{}sxds1{}nbo{}Ko-s;{{dw^3@xuoMxu 	¯{}w-xds;s{duxd.xauvlovxdnbo#+
k<low^{} K{duwvxdsLz|uvl





z|u^l;Ko-{}2o?.xdsow^zs2z|s¿u^lo xd [Q{{dw^Sy-{dn;|ou^o-8{}wSxdwÿuvzxd {d oso-1xdsbux#uvzy<{d uvxdy-|o-Ýzdo
^lo|do-





nG2u½n;xds xd|À^o}nbo-sQubxds xd  oxd^o-¿zs
zÿuvz|syu^z|}obxdy-o
 k<lo;}{QxdS{	.uvlob^o}n;osQuxu^z{}sÛxdsu^lob xd Ko-|zs




 `oG^o}n;osQuxds+xd  ozso osos u^~uvloG{}sxdwn;o-xd^wo-	¯w{}n oMxdylÀzo
{	 u^lo$w^{} K{du
  zsxd }<o8dw^{}'uvl2oo-}nbo-sQuv 	¯w^{}n oMxdylxd^:y-{}ww^o^K{}sz|s;u^{bu^lo^xdnbo$2 xdyo

/Ýxdyl'oMxw^sz|sy{}w^2xd^{yz xu^o-az×uvl



























  Y;Y $§ æ .JV  V ¨§ ç § æ ¥.¯¦X¥G¨*ëjëOVÎ¥-©/*¥M¥V ê 
k<lo$w^o-|u^{!	 uvl2o$wo-y{}}sz×uvz{ds~xw^ow^o^os u^o-z|s/uvxd |o- % xs¡E^z|sbu^lo$o-w^w{}w<u'E oo  sozs
^oyuvz|{}s+p2Tÿuvo-+<
<rts^owu^z{}sxdw^o$^l2{9sâzs~u^lo$ xdÿuy{}nbsÓTxds2o-|ou^z{}sz|s~uvl2o  	Bu^lâw{9
k<lo
wvxu^o<{	Kw^oy-{}}s2z|uvz|{}sGz| 	¯{}wo+*2z|u^zsxdy-o @y-xd2uv2w^zs2uvwo< {d^z|u^z|do-ÝxdsC	@x^o.so-Qx#uvz|do-( n;o-xd^2w^o-
zs2o-Ko-sosQuv	¯w{}n z|s^owu^z{}sG 	@xdo {d^z|u^z|do-[+

)I)4ôU_ /2 .#L
%    ÏÌ È^³dµº#¶EÞÏ¾+³dµ°
	Ï Ø ³#±®E°B¬EÐd­Å¸#¬
uxwu os k. {}Ko-s rts

y-{dw^sow y-{}wso-w z|s u^o-w
 {E{}w
Euvxdwu:y{}w^sow %  ¢ ¢ ¢ 
/Ssây{}w^s2o-w ¢ %  ¢ ¢ % 
k.zsQuvow
 % % %  p   
{d os/2{{}w ¢ ¢ ¡ U ¢
oo(uvz{ds ¢ ¢ ¢ % ¢
k{dux %  ¡d¢ %  %%  }¡
  wo-y{E
 }p Q } dp
k*xd |o % $'.{}s	¯z{}s/n;xuvwz *
s nG Ko-w  
o-osâxdy-o % ¢ % ¢d¢











































-.o-y-xdouvl2o.w^{d  {dulx x<xdw^zxd oS oo-G2o-Ko-sz|s{dsz×uv{EyMxdQosQz|w^{}s2n;os u-#u^lo.2zuvxdsyoÝu^wvxM}oo
  o(u'.oo-su'{1{} 2^o-wÿxuvz|{}s:zs{duy-{}s2uxs u
 `oy-xds~u^wvxds	¯{}w^n%u^lo-ou^o-nb {}w^xdÓ{} 2^o-wÿxuvz|{}s:zsQuv{
^x#uvz x zs<	¯{}w^n;xuvz|{}s/ âux zs2zsQuv{'xy-y-{dsQuuvlo½w{}  {u û^Ko-o;
8k<lo¿}{}xd {	Su^loGuvw^xds	¯{}w^n;xuvz|{}s
î +),î¯ð
 ´^³dµ(¬°B¬EÐb­Å¸1³dÇE­Å¸#¹b³d­@°ÊÈ^³dÃBÃÍÌ1ºE´(­Å´È(­TÉM´^³d­ÎÇEµv´±ÝÉM¸#µ¹1¸d»-°BÃ´µv¸d»(¸#­¯± % 





  uu^loÝw^o^os uuvz|n;ooMxw^sz|sxds$w^oy-{}}s2z|uvz|{}s






























  Y   Y  §¨¥  ê §+Û¨2¦#V ê  ê  ê ¤ ¥ æ § ¨¦9V ê ¥
k*{½o-xd^z|bz|^y-wznbzsx#uvouvlo{d ost{E{}w xdyoxds
k.zsQuvow^o-yu^z{}s1 xdyo  1u^lo-z|w zuvl2z|u  .so-yo-ÿ




z|uxsy-o^{ oxd2;xxdw^zxd |ou^znbo^xdnbz|s8w^xuvoo-Ko-s2zsG{dsuvlow{} K{du û. oo-uv{







( rtsÀx1y2uuvo-wo-ÀxdwoMx2Kuvlo8w^{} K{duxdw{#*z|n1xu^z|do-'nb{X}o % y-osQuvznbou^o-w Kou'o-os+u'.{'xdy_ zz×
uvz|{}s3














  Y   Y  	 ¥V%    ¥ æ ¥ ê §¥  ê §. æ ¨§  V% Õ¨ëÜ§ æ © ê  VB¦9V ê 
k<loÛo+*xdso  N N¡ s{#5nb{Eo-|uvlo % #znbo-sz{}sxdÊ<woMxd xd2o-j^z|}sxdy{}n;z|s8	¯w^{}n uvlo
 xuuvo-wÀ{	2|uvw^xd^{dszy½o-s{}w^








uvlo % ¢C	¯{}|{#zs2Gn;{Eo<xdl{#sâzs  dw^o $
( x½y-{}ww^z|{}w3
)I)4ôU_ /2 .#L
%    ÏÌ È^³dµº#¶EÞÏ¾+³dµ°
	Ï Ø ³#±®E°B¬EÐd­Å¸#¬
on the left on the left













start of corridor end of corridor















 s'o*2xdnbo{	*uvloylxdwvxdy(uvow^z)(-xuvz|{}s'{	uvlo^o % ¢½ xdyo-z<dz|}os'zs  }wo$

  




 1 Ko	¯{}wodu^wvxdz|szsxdsÚw^oy-{}}s2z|uvz|{}s xw^o/{}so z×uvl uvlo  w^ÿuow^z|xu^z|doâ{	u^lo % ^os^{dw^ 















w{yo-^:zu^{¿zos u^z	 ;uvlo$½ xy-o-z|s'u^loy-{}ww^z|{}w Kou'o-osz|u^<uxwu:xds/z|u^<o-s"

î +),î¯ð







































Portes ouvertes sur le côté droit
Début de couloir sur le côté droit Fin de couloir sur le côté droit
Portes ouvertes sur le côté gauche
Intersection sur le côté droitopen doors on right side
start of corrid r on right side
intersection on right side
end of corridor on right side
op n doo s on left side
 z|}wo$=/ *xn;|o{	*ylxdwvxyuvow^z(Mxu^z{}s
{	*uvlo % ¢bso xdy-o
)I)4ôU_ /2 .#L
¡d¢   ÏÌ È^³dµº#¶EÞÏ¾+³dµ°
	Ï Ø ³#±®E°B¬EÐd­Å¸#¬
wz}lQu w^z|}lQu w^z|}lQu wz}lQu |o	Bu |o	Bu o	Bu o	Bu {E{}w rts

uvxdwu o-s z|s u^o-w
 {E{}w uvxdwu o-s z|sQuvo-w
 2{{}w {E{}w
wz}lQu<ÿuxdwÿu  ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢
wz}lQuos ¢  ¢ ¢ ¢ % ¢ % ¢ ¢
w^zdl uzsQuvow
 ¢ ¢  ¢ ¢ ¢ ¢ ¢ ¢ ¢
wz}lQu{E{}w ¢ ¢ ¢  ¡ ¢ ¢ ¢ % % ¡}
o	Buuxwu ¢ ¢ ¢ ¢  ¢ ¢ ¢ ¢ ¢
o	Bu<o-s ¢ ¢ ¢ ¢ ¢  ¢ ¢ ¢ ¢
|o	BuzsQu^o-w
 ¢ ¢ ¢ ¢ ¢ ¢  ¢ ¢ ¢
o	Bu{E{}w % ¢ ¢  ¢ ¢ % Qp % pd
2{{}w<2{{}w ¢ ¢ % ¢ ¢ ¢ ¢ % ¡ %
oou^z{}s2 ¢ % ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢
k{duxd    Q    Q  }¢
  wo-y-{
      % % ¢d¢ } } }p d¢
k xd 2op$ao wo-^2|uv
sE2nG  ow  
o-os % } % ¢}¢
o-y-{d}sz)(o- % p}¢ }¢
 ÿuvz|u^2uvo %D% 
4o-|ouvo ¡ %





uvw^xds	¯{dw^n;xuvz|{}s1{	{} 2^o-wÿxuvz|{}s 	¯w{}n u^o-nb {dwvxdTuv{½xuvzxd[z|s	¯{}wn1xu^z{}s[}uvlo|o-sdu^l{	*xG^o_ o-syo ]
{	S{} 2^o-wÿxuvz|{}s: xd Ko-|o-~xdxsâ{}Ko-s2{{}w¯w^o-;
k.tz|s u^o-w^o-y(uvz|{}s <z:soMxdw/xd xEuvlovxdnbo
<k<lo
}{Qxd{	uvl2o.uvw^xds	¯{dw^n;xuvz|{}s.xduv{o-nGxuvox^x#uvz x^xdn;2zs2wvx#uvoz|s lzyl½u^loz|uxsy-o Kou'o-os
u'.{bxdy_ zz|uvz|{}sazy-{}sÿuxdsQu<z|s{}wo-w.u^{Gox z2u^l,@{!	 xdyo-y-wz|uvow^zx$uv{8zy-w^z|n;z|sxu^o: Kou'o-os
 xy-o-
  u^lo z2u^l{	2{d os{E{}w,z,z[ow^o-sQu 	¯w^{dn uvl2o=z|2uvl${	zsQuvow^o-yu^z{}s2-uvloÝz|^y-wznbzsx#uvz{ds
  o(u'.oo-s/uvlo^ou'{¿u'EKo-<{	xdy-o<zznbw^{X}o
  oyMxd2^o{	uvlowvx#uvz{dsn;{Eozs28yMxxd z|z|u^zo{	
uvlo N N¡Kxd<wo-o-sQuvo+xd K{do$xds~xd^l{#s/  .Nâxdwz,ou:xd.
| % }D+






rtsC	@xdyu- xk.tz|s u^o-w^o-y(uvz|{}s½lxdÝxlz|}low z2u^lGuvlxs;xs½{} os½{E{}w- xds2½^{zso-wÿuvz{ds {	Kn1xd|







&Ue  ÷ Ä÷ÿô	"(ú  ý#% ù@÷ f ÷ÿôÿ÷õÄùEX÷ #ô÷ù[ú  ÷SôP	÷ø,ý#%ý#ùÎ÷ÿøÊö0úÊõ ýô#ù ÿýþdýùÎõ ô	".ú ÷Ýù@÷ f ÷ÿôÿ÷
î +),î¯ð
 ´^³dµ(¬°B¬EÐb­Å¸1³dÇE­Å¸#¹b³d­@°ÊÈ^³dÃBÃÍÌ1ºE´(­Å´È(­TÉM´^³d­ÎÇEµv´±ÝÉM¸#µ¹1¸d»-°BÃ´µv¸d»(¸#­¯± ¡ %




















left door followed by
right door
doors completly overlapped
right door followed by
left door
doors partially overlapped
left door followed by
right door
doors partially overlapped
right door followed by
left door
doors completly overlapped
 z|}wo % ¢$Sk<lob^z×uvxu^z{}s2y-{}ww^o^K{}sz|s½uv{¿u'.{b{}Ko-s'{E{}w^:xdyw^{}&	¯w{}n o-xdylâ{uvlow










( k<lo  w^ÿu:{{dwuvlxu<u^low^{} K{du1z|[osy-{dsQuvo-w:yMxs~ Ko{}s'uvloo	Bu<{}w{}s
uvl2o$wz}lQuzo!

 yu^xd 1u^lo-woo*zÿuv:xuo-xdu1	¯{dw^z×uvx#uvz{dsy-{dw^w^o^K{}sz|s½uv{½uvl2o >tu'{b{d os~{E{}wxdy-w{}^?	¯w{}n
oMxdylb{du^lo-w @<xdy-o!






}owG oy-z  y
=N/{}w^o{do-wx*uvl2z 2 xdyo{Eo-^sûuÝx o-xdw*do-wG{	Bu^o-s½zsuvloosQz|w^{}s2n;os u-duvl2oo-xdw^sz|s
y-{}w<y{}sQuxdz|sdo-wM	¯oOxuvx
  }{{Eÿuvwvx#uvo-!;u^{G^{}×}o:uvlz|.w{} on z|au^{½^ox8}o-s2o-wvx[nb{o
X	¯{}w:zs2uxsy-ox;nb{2o-{	 % {	u^lo8;^z|u^xu^z{}s<xdxsx;2w^z{dw^z,nb{oxds~u^{xdxd2uz|u:o-Ko-s2zs
)I)4ôU_ /2 .#L





w^{d on%{	uvlo xy[1{	uvlou^wvxdz|szs½y{}w^2zslow^os u:z|s'u^lo}w^o-xus nG Ko-w{	*n;{Eo

*zsxd|d[uvlo;}{d xdw^xuvob{	wo-y{}}sz×uvz{dsÕz|z|sy-woMxdo-P	¯w^{}n }   uv{âQ¡   
rtso-wu^z{}s28{	. xdyo-
o-yw^o-xd^o 	¯w^{dnË   uv{¿ ¡   
=4oou^z{}s2<w^o-n;xdz|s'xux½do-w'{# 2w^{} x z|z|u'bo(}o- ¯o-uvlxs % 
Ä   

   .' +*	 ¿  	('	 	-
½	~	 # '
.0
*  :9G !   '	
 ' %
	(	(8




















  B? QQ;  ? !?
 zdw^o %% $Sk<lo Nâxdw^{D l{E~w{do-w
k<l2o
w^{X}owb2^o- zsãu^lz½o+* ow^znbo-sQu¿z|½xPNâxdw^{D l{E w{X}o-w ¯^o-o  dw^o %D% (ax+n;ozn½tz)(o-
 xsouvxdw/w^{Xdo-w{}wz}z|sxd 12o}o{}Ko- 	¯{}w:uvlo8:2^^zxdsPNâxdwo*|{}wvx#uvz{dsâw{}}wvxn Kzsâu^lo½   
Nâxdw^{D l{EÓdu^lo.z|su^w^nbo-sQuv xdsGooyuvw{}sz|y-lxM}o Ko-osGylxdsdo-C	¯w^{dn uvlo{}w^z|}zsx
,k<low^{X}owlxd
^z *,lo-o-*zs2o-Ko-sosQuvÕwz|do-sÓ z|uvlÀuvl2w^o-obylxd^z|8^o}nbo-sQuv$uvlxuxdwÿuvz|y-xuvo½z|so-Ko-s2o-sQuv D

ruz|y{}s  dw^o z|u^lâz|n1xddzs½y-xdn;owvxdKxb oyuvw{}nbouvow- xdsâxdsxdwn 
k<loKN~xdw^{D l{~ x#u 	¯{}wn
lxd Ko-o-so-nb{}sÿuvw^xuvoÛxu  o-+u^o-u^G	¯w{}n % }}p
	dzsÕ:2^^zx2 x.xdzzÎxdsÀo-o-wÿuv8{!	  w^z)({}sx
A #ý(øÓú  #÷S÷98Xþ÷øÎõ@÷ÿô-úÊùMú  #÷SøÎõ@" -ú,øÎ÷øGDE ÷÷:  øÊýg÷ÿô "(÷(øXùÎýõûúøÊý@ ÷:þ$(ùÊù@õÄö(÷ 
î +),î¯ð
 ´^³dµ(¬°B¬EÐb­Å¸1³dÇE­Å¸#¹b³d­@°ÊÈ^³dÃBÃÍÌ1ºE´(­Å´È(­TÉM´^³d­ÎÇEµv´±ÝÉM¸#µ¹1¸d»-°BÃ´µv¸d»(¸#­¯± ¡dp











uvlx#u8xw^o½o-Õzs+uvlz|xdKo-w$xdwo½w^{}|1Îxs}oC	¯w{}n do-wÿuvzy-xdz|sÕ2zw^oyu^z{}s+Ko-w oszy xwuv{
uvw^xXdo- (
z|u^yl @xds}|o	¯w^{dn }owuvz|yMxd[zs'zwo-y(uvz{ds/{!	*u^wvxM}o (xds/n;{du^{}wyw^wo-sQuv:zs'oMxyl~{	*uvloKloo-

k<l2oGo*Ko-w^z|n;osQuvzs~uvlz|xdKo-w .ow^o¿ ow	¯{}wn;ozsxds+{}2u^{{dw&>Å^xds K{*  @ lzyl+z|x1}w^xXdo-
xds$vxds2GxdwoMx:xd  {d2u*¡d¢dn5*8¡¢dn~#z×uvl$xd^{}wu^o-w^{Ey[E*xds$^{dn;oSuv{d {}dwvxdl 
*k<lz|^xdyo.z|,^ouv{
 ow	¯{}wn^n;xd t^y-xdou^o-ÿuvz|sx8woMxd{}sxd |oxd2w^{*zn;xuvz|{}s¿{	x2 xdso(uxdw Nâxdwÿuvzxds So-sQEzw^{dsn;osQu

`Ûoz|u^zs}2z^l1  o(u'.oo-s~u^lo^n;xd @|o-uvlxds/xd2w^{*\
 % y-n lzdl .xds'xdw^}ow^{Ey[E¯}w^o-xuvowuvlxds
xdw{*"
 % #y-nlzdl 
 `oxd|^{G2zu^zsdzl1 Kou'o-o-s'uvl2o{}soxdw^dolz| Îxw^{*\
 % nlzdl xds2uvlo
uvlwo-o$^n;xd lz| Î¢
 p#Å¢<




       	 B HD B    2 Y?  B J   @    B 
ow^oao


















  |{duvl2o-was	¯{}wo-^oo-sz|u^xuvz|{}sQz)o  xuw^{Ey[ {}wÝl{do-Exdw^ouvwoMxu^o-xas2{}zo














  :z2o-s N~xdw { N~{Eo:lxM}ou^loxd z|z|u';uv{bn;{Eo-z}sx?l{}o8w{}Ko-wu^zoylxs}oz|uvl
uvz|n;oOo1lxMdo;uv{~yl{E{}^o1x~^o(u8{!	<^os^{}wFÎx$u^lo;{d ^owxuvz|{}s uvlx#u8lxMdo1s{du^zyoMxd |o½dxw^z x#uvz{ds
lo-s/uvloGN~xdw^{D l{/z<yw^{}^z|sbx¿w{y[1{}wxGlz|
 Tw{}n u^lo^os^{}wo-y-w^z|  o~z|s'^o-y(uvz|{}s~<
 % .o
zosQuvz  o-âoz}lQu^ylâ^o-s2^{}w$w^{}|Ê2z|uvyl[[xds2~uvl2oz *^lo-o*yw^wo-sQuv
 `o$o  s2oGy-{Qxw^^o$w^2o-uv{








1 2z,^2o-sãoy-woMxdoMlosÛo^y-osz|s 	¯w{}n uvl2o;w{y[ 
bk<lo-o
u'{8xdw^zxuvz|{}sSxd ¿xdKoMxwo_ o-sQu^z xd|¿{}sbuvlo&	¯w^{}sQu-nbz2od xs1woMxdwao	Bu l2o-o-|
Sk<lo
e  ÷ùÎõ ú úÎõÄý(ô8ý#%E õ "øÊýUgý(ô8ú  #÷<øÎõ@" -úÝù@õOX÷!DG(ùôý(ú4Åýô#ù@õOX÷øÎ÷ d÷##ùÎ÷ý#%[ú  ÷<ôýôXòR%>ôtúÊõ ýô#øÊõ@" -ú@òBù@õOX÷
DE ÷÷R
)I)4ôU_ /2 .#L




























;Y;Y    æ  ê ë æ .a¦ ê § æ !*§ æ ¥ æ  ¦ æ ¨© Ü¥V¯¦¨2¦#V ê 
 zdw^o % ¡Q$Sk*{}K{}|{};{	 ÿuxu^o-:^o^	¯{dw<oMxdyl~n;{Eo-[{	 z|u^xuvz|{}s
rtsãu^loa	¯{}wn1xzn)o^y-wz Ko- z|sã^oyuvz|{}sÒ¡So-xdyl ^z×uvx#uvz{dsuv{+ Ko1wo-y{}}sz(-o- z|8nb{2o-oã  ãx





















  ws/y-{}sQuxzs:s{du{}s 
{}so^z|u^xu^z{}s~ 2uxÓuvl2oG^z×uvxu^z{}s2:o-os,l2zo$w^2sszs2E
 T{dwo-xdyl+w^s[\oGs{du^o-âu^lo8z|uvxuvz|{}s
^oo-sâ2w^z|s½uvlow^2sÓE	¯{}w< x#uvo-w.^o-dn;os uvxuvz|{}s/xds/ xd Ko-|zs8w^K{}o-

k<l2obwoo  so-Õuv{'ylxdw^xdyu^o-w^z(-obx
^z×uvxu^z{}sÀxw^o¿^oÕu^{'^o-dn;os uxds2xd  o o-xdylws;
  s




 do-wÿuvzy-xd,z|son;xdw  <uvlo$ Ko-}z|sszs2b{dwu^loo-s~{	Sx¿^z×uvx#uvz{ds;
Ýk<lo2o	@xd×u:^z|u^xu^z{}s'xd×uvow^sxu^o-
z|u^lâuvlo{duvl2o-wz|u^xuvz|{}s









on the right sideon the left side
small rock small hill big hill
 zdw^o % p<$ao-}nbo-sQuvxuvz|{}s'xds/ xd Ko-|zs8{	x½ws;

;Y;Y   - ê ë æ .¦X§¨ V% V% 
rts/u^lz<o+* ow^znbo-sQu-E.o{bs{dusoo-'uv{bzsQuvow^K{} x#uvou^lo{} o-wxu^z{}s2:2{}so  uvlow{}  {uM Ko-y-xd^o
z|uxd xE.nb{X}o-.xu.xdw{#*z|n1xu^o- 8uvl2ovxn;ouvw^xds^xuvz|{}s¿^Ko-o;
  =.o xdsQuuv{8y{}nbxdw^o:z[ow^o-sQu















( u'{/y{o by-zosQuv$:uvlo  w^uo-wz|xuvz×}oF¯z
ûo















^os^{}w{bs{du .{dw   o!
 





;Y;Y   æ § æ © ê  VB¦9V ê  ! ¨¥ æ
k<lo
















;Y;Y  æ ¥.B¦¥G¨ëÜë V@¥M©/¥M¥V ê 
rtsoMxyly-{}s<	¯^z|{}sân;xuvwz * uvl2oGxdyw^{}s En;:o-Àxdwo$1-?I7  2zbw^{Ey[/{ds~uvl2o8o	BuMKIT7 n1xd|,w^{Ey[
{}sâu^loGo	BuM[2 7"n1xw^{Ey[~{dsâuvlo8w^zdl u-"-( 7  z1lz|ÊTxds+  7 ^n;xdlz|.
:k<l2oGw^o^×uv{	




-?I I 2 -   rts
- I %  p %   
I p ¡}    % ¡
2 % ¡ p %  % ¡d
- %   ¡d¢ ¡ % 
     % ¡dp ¡ 
4o % %    
k{duxd ¡} p % pQ¡ ¡ % ¡d }¢
o-y{ d    %       Q     
k xd 2o$<$ '.{}s	¯2^z{ds/n;xu^w^z *1{	*^z×uvxu^z{}s2-2oz}lQu:^os^{dw^

s nG Ko-w  
oo-s % pQ % ¢}¢
o-y{}}sz(-o %%  





  # ! æ § V  æ K¦ é VB¦  æ V  ¦/¥ æ ¥ ê §¥ {}woz}lQu^os^{dw^-xdo-xdylÕ^z|u^xu^z{}sy-xdsÀ  o½o-xd^z|~zÿuvz|s

























k<lz|<zo^Ko-yz xd|buvloy-xd^o3	¯{}wz|u^xuvz|{}sylxdwvxdy(uvow^z)(o-/{}s 1  
^n;xdxdwz xu^z{}s2a{dsxxdwu3@{}wxd  {	Óu^loou{!	,^os^{}w-z|s;xdwu^zy-2 xdwSuvl2oy-w{}^zs{	x$^n;xdTlz|

-?I <I 2 -   rts
-?I %   %   % ¢
I  ¡ ¡  % % 
2 p  ¡d  % }
-  %  ¡¢ % % 
  %   % ¡dp pQ¡
4o-  %    
k*{uxd ¡d p % pQ¡ ¡ % ¡d % ¡
o-y-{         %   }     
k*xd |o <$'.{}s	¯2^z{ds~n;xuvwz *1{	*^z|u^xu^z{}s2z *'o-s{}w^

s nG Ko-w  
oo-s % pQ % ¢}¢
o-y{}}sz(-o %% p d
 2uvz×uv2u^o- ¡ % % 
4oou^o- % %
rtso-wu^o- % ¡ Q¡
k*xd |o $|{} xd wvxu^o{	wo-y{}}sz×uvz{dsÓ2z *
o-s{}w^

  # ! æ § V  æ K¦ é V¯¦O¥V # ¥ æ *¥ ê §#¥ `jz|uvlâ^z */o-s{}w^Óuvlo}{d xd,wvx#uvo8{!	Sw^oy-{}}s2z|uvz|{}sâz|ÿuvz|,}ow




  Ü¡}   
5`jz|uvlÚ{}s  u^loz * lo-oyw^wo-sQu'^os^{}w-:soMxw^ {}s2oâw^oy-{}dsz|u^z{}sÚ{}2u{!	u'.{ãz|xds
zso-wÿuvz{ds;






  # ! æ § V  æ K¦ é V¯¦"¦ é8ê ¥ æ ¥ ê §#¥ `jz×uvlÚ{}sÛuvlo~w^{}|<xdsÚz|u^ylf^os^{dw^-<u^lo~d{} x<wvxu^o~{	









zs	¯{dw^n;xuvz|{}sGuv{$zÿuvz|s}z|^lb  o(u'.oo-sz|uvxuvz|{}s- lz|yl1z|=l ¿uvl2o-w^ozaxl2z}lbwvxu^o{	,^2 u^z|uvuvz{ds;

)I)4ôU_ /2 .#L
¡    ÏÌ È^³dµº#¶EÞÏ¾+³dµ°
	Ï Ø ³#±®E°B¬EÐd­Å¸#¬
-?I I 2 -   rts
- I %     % %
I ¡ %  %   % 
2 ¡ % ¡  %  
-    %  ¡ 
       % ¡
4o % ¡    
k{duxd ¡} p % pQ¡ ¡ % ¡d  ¡
o-y{ }¢   }         pQ  
k x o$'.{ds	¯^z|{}s'n1x#uvw^z *{!	 z|uvxuvz|{}s-u'.{b^os^{}w

s nG Ko-w  
oo-s % pQ % ¢}¢
o-y{}}sz(-o Q¡  %
 2uvz×uv2u^o- d¢ p
4oou^o- p ¡
rtso-wu^o-  ¡ p %
k xd 2o % ¢${d xd[w^xuvo{!	w^oy-{}dsz|u^z{}sÓEu'.{b^os^{dw^
































 %<   7
 xdw^z|ou' {	$xd2w^{Qxylo-u^{ãuvxuvoou^zn;xuvz|{}s xds2R	@xd×u1zxd}s{d^z;lxM}o+ Ko-osÜw^{}K{}o-ÜzsÚuvlo




dxo-yl xd^A$xn;xds  ×uvo-w-yMxdsÜuvw^xdy[
nG×uvz2oK{}^z |olEK{duvl2o-^o6Î:xdyl[ % }dE `jz|d %  
({#.o(}ow- u^lo/nG2u:  o$}z×}o-sâxds ³
²Kµ°Ê¸#µ(° nb{Eo-E{	o-xdyl¿ {}^z| oauvxuvo!
Ýso.{	u^loÿuvw^osdu^l{	u^lo<xd2w^{Qxdyl8w^o^o-sQu^o-bzsu^lz*xdKo-w
zz×uv<x z|z|u'½uv{½y{}sÿuvw^2yunb{o 	¯w^{}n uvwvxzsz|s8x#ux½xdsu^lo-s'ouvlon 	¯{}w.ux#uvoz2o-sQuvz  yMxu^z{}s"

 xz|uvxuvz×}oÀnb{o× xd^o zxd}s{}z/uvo-yl2sz)_ o @o:Aoo-w 0 `jz|zxdnb- %  <MN~y-ouuv{}x2










:z2o-sKN~xdw {CN~{Eo-| lxMdo  oo-s¿xd2z|o-uv{ 	@x|u*ou^o-y(uvz{dsGzsy-{}sQuvz|s {}*w^{Ey-o^^o ÊnEu^lÓ
% }d Quvlonb{2o-ÿuvw^2yuv2w^o:zÝ^2z|o-ÓDz×uvlb{}suvlo<u^wvxdsz|u^z{}s½w{} xd 2zz×uvz|o- |oMxdwso-6	¯w^{dn xuvx

rts/u^lo$xdw{Qxdyl/zs




 k<lwsPÊ¡¢}¢ % w^o(Ezouvo-yl2sz)_ o
 xdo-¿{}sLNâxdwd{X½nb{2o- 	¯{}w u^lw^oo<n1xzs82w^{} |o-nb z|s½n;{} 2zoÝw{}  {uvzy${EyMxd|z)(-xuvz|{}sÓXn;xdG z|z|s
xdsÀy-{ds u^w^{}.
8rts+uvl2o-^o½u^o-ylsz_ o- xFNâxw d{X+nb{Eo-*w^o-2w^o-o-sQuv$uvlo½osQz|w^{}s2n;os u-xdsÕx^Ko-yz  y
xdd{}w^z×uvln z$^oÛuv{~^{}×}o;u^lo12w^{} |o-n^
'wxdw{Qxdylãz|$2z o-w^osQuGzsx~s n8  ow8{	 xE
^`Ûo
xdwo-½x~z[ow^os uw{} on $uvl2o1zsQu^o-w^2w^ouvxuvz|{}sÕ{	.u^o-nb {}w^xdS^o_ o-syo-¿{	.n;{} 2zotw{}  {u^os^{}w
xuvxuv{Ûxd2uv{dn1xu^zy-xd ão(uvo-y(u	¯oMx#uvwo-
 N~{}wo-{X}ow-1.oâ^oâdo-wf|z|u^u^o ³~²Kµ°Ê¸#µ(° Es2{9|o-do$Àzs
xdwÿuvzy xw- u^lo1uv{d {}|{}À{	<u^lo
nb{owo  oyu^zsu^lol n;xdsûGsow^ÿuxds2zsÕxd K{}2u8^o_ osy-o
{	^o-s2^{}w$xuvx'ylxdwvxdy(uvow^z)(zs/x
xdwÿuvz|y-xdw	¯oMx#uvwo
  | uvlo¿{du^lo-wxwvxdnbou^o-w^{!	u^lo¿n;{Eo-xdw^o
o-ÿuvzn;xu^o-/ /|oMxdwszs






k<l2oSn;{}ÿu;o- ' s{#s3.{dw z|sy-|zs2<xo-xdw^sz|sy{}n;K{}sosQuzÓ  3A:{oszxsznbn;{ds  % }} +

k<lo1uvxdwu z|uvlxds ³²Kµ°Ê¸#µ° u^{} {d{}}z|yMxdn;xdbuvlxu.zauvwvxs^xuvozsQuv{8xKNâxdwd{Xnb{Eo-T Ko	¯{}woxds 
sxMEzQxu^z{}suxo-½xdy-o!






nb{o[uvl2o$o_ osy-o{	 o(}os u^y{}n;K{}zs¿x½xdwÿuvz|y-xdw 	¯oMx#uvwo



















 Koo-os~x<x8wo-z|n;z|sxdwGu^o-	¯{}w.xdT{	,u^lo{}w bw^o^os u^o-/zs @k<lwsÓT¡d¢d¢ % 
 `Ûo
lxM}o2w^oEz|{}^ ¿ z||uxo-s{}w.nb{2o-T xdo-{}sbuvlow^oy-{}}s2z|uvz|{}s¿wvxu^o-w^o-K{}wÿuvo-;zsbuvlz|.xdwÿuvz|y-o!Quvlo






 xdssx 	¯{}w^Ó % } %  
 xds % }d+
Sk<lo$xdw{Qxdyl/w^o^os u^o-z|suvlz|<xdKo-wz<nb{}wow^{} 2u&	¯{}w
uvlo3	¯{}|{#zs2Gw^o-xd^{}s2$
( xds2ÓÓxds '.losR % }d :n;xdoG{}nboGw^ouvwzy(uvz{dsxds2Õl EK{duvlo^o${dsuvloG{d ^owxuvz|{}s
uvl2o~^o;$o-xdyl+y-{dn;K{}sos u{	u^loG{} o-wÿdx#uvz{dsâzzy-wouvz(-oÓ zsyoGlo^ox  N N z|uvl
)I)4ôU_ /2 .#L







uvxuvo.z wo-wo-o-sQuvo;  8xn;z *Euvwo.{	 xd^z xs
*k<lE2Z.o<xw^o<xd 2oÝuv{o-xd<z×uvlG{d ^owxuvz|{}s
y-{dsu^z|uvuvo-À  s2{}zây{}sQuvzs {dxuvx{	az o-wo-sQuu'EKo- {!	o-s{}w^ z×uvl{d2uxds  ³G²Kµ°Ê¸#µ(°
xd^nb2uvz|{}s+xd K{}2uuvlo8zso ososy-o½{	Su^lo-o½xuvxxds z×uvl{}uxds 2z^yw^o(uvz)(-xuvz|{}sâ{!	Suvlo
xuvx








yMxxd z|z|u^zoS{	  N Nâ¡u^lo z|uvow^ z xd|}{}w^z×uvln x<xd |ouv{zÿuvz|s}z|^lxs1{}Ko-s2{{}w 	¯w^{}nx
k.tz|sQuvo-w^oyuvz|{}s;










odo-s+z	uvl2o~xdw^oG_ z|u^o2z o-w^osQu 	¯w{}n%o-xdw^s2o- 	¯o-xuv2w^o-$ 	¯{}wzs2uxsy-o[xds/{}Ko-s~{{dw:z|wo-y{}}sz(-o-
odo-s¿z	z×u z| y{}n;2ou^o- {}w xwuvzxd {}Ko-s2o-;
=N/{}w^o{do-wD	¯oMxu^w^oSxdw^oou^o-y(uvo-¿o(}o-s¿z 	uvloGxw^o.o-os
	¯w^{}n x1z[ow^os u {}z|sQu{	SEzo
{}wz|suvxdsy-oÓzsây-{}sQuvw^xduuv{A:{}wu^o-sE#xdnbouxd1 % }Q¡Db	¯o-xuv2w^o-
xdw^o1ou^o-yu^o-Òodo-s z	u^lo












N/{}w^o{do-wuvloÀnbouvl2{Üux!do-~xd2xdsQuvxd}oÀ{	8xdsxd Eu^zy-xdnbou^l{2~xs xu^u^o-w^sOy-xd^z  y-xuvz|{}s
n;o(uvl{E









( k<lo$osduvl'{	 x¿^o_ osy-o<{	 {} ^owxu^z{}s?.xduxo-s/zsQuv{bxdyy-{}2s uzs
u^lo  w^ÿuo+* ow^znbo-sQu
uv{¿o(uvoyu:uvloz[ow^o-s2y-o  o(u'.oo-s+x½k.zsQuvow^^oyu^z{}s/xds~xds'{}Ko-s/{E{}w







 îBôú  ÷ÝùÎ÷ÿý(ô÷98Xþd÷ÿøÊõ ÷ôúXú  #÷Sý#ùÎ÷ÿøÊö0úÎõÄý(ôõÄùEÿýþdýùÎ÷ý#%2ú  øÊ÷ÿ÷ ú Mþ÷^ù,ý#%ù@÷ô#ùÎý(øù
 ú ÷SôP	4d÷ÿø,ý%ýù@÷øÎö0úÊõ ýô#ùGÅý.þdýùÎõÄô	".ú  ÷ÝùÎ÷f ÷ôÅ÷
î +),î¯ð
 ´^³dµ(¬°B¬EÐb­Å¸1³dÇE­Å¸#¹b³d­@°ÊÈ^³dÃBÃÍÌ1ºE´(­Å´È(­TÉM´^³d­ÎÇEµv´±ÝÉM¸#µ¹1¸d»-°BÃ´µv¸d»(¸#­¯± p %















( N~{}wo-{X}ow-Tzs½uvl2o$yw^wo-sQuuvoylsz)_ ouvlo|zu{	 2 xdyo-<z1 s{#s/{}s alos~uvl2ow^s/lxd
 Ko-o-sÚy-{}nb|ouvo;
 k{o(uvoyu6	¯oMxu^w^o;{dsz|sowzsÀsxMEz}xuvz|{}sÓZo~y-xdsÚ2^o~x+xdwz xdsQu¿{	
uvl2oz×uvow^ zaxd|}{}w^z×uvln yMxd|o- z×uvow^ z t |{y[:JAw^z{dz|odONâxdwzÊO0 xu^{}sÓ % }}¢ +
 k<lz8xdd{
w^z×uvln zG xd^oÚ{}s x+{EyMx.{}2u^znG2n y{}n;xdw^z|^{}s {	:uvl2o
z o-wo-sQubw^{} xd z|z|u^zo-$y-{dn;uvo-
  ãuvl2o z|u^o-w^ 2z<xdd{}w^z×uvln wzs+u^znbo(U.xdwzsâ{	x+lz	BuÿUzs2{# {	  *o- osdu^l z|s uvlo





o-sQEzw{}snbo-sQu   EyMxw^/ouxd





× 0 x#uv{}sÓ  
 ÅO
  % } D
  s2oÙxd2w^{Qxyl~uv{bo^zds^	¯E((/y-{ds u^w^{}|ow^
	¯{}w<nb{} z|ow{}  {uv<sxMEzQx#uvz{ds;
Srts ²Kµv¸XÈ´´^ºd°B¬EÐ#±G¸ÅÉ«   Ü«¬­Å´(µ¬K³d­@°Ê¸#¬K³dÃTÌ#¹²¸X±(°BÇ¹ ¸#¬¸#¹½Þ






× 0 '.lxdwz|o(uM\ 
  % d 
KN~{} z|oGw{}  {u{EyMxd|z)(Mx#uvz{ds~z|sÕ<sxdn;z|y½o-sQEz×
w^{dsn;osQu2^zs2b2 xdyow^o-y{}}sz×uvz|{}s;






  % } % 
 z|o-sfn1xdwd{XÚn;{Eo-:xdsxdE^z|;{!	3	¯{}w^yo #u^w^{Q_E2oâzs<	¯{}w^n;xuvz|{}sÒzs
uvoon1xds2zxuvz|{}s;






















|E`o-|o-o} N  

'.wEuvxdÊ[k3
|B0 {d^o  
Z %   
$o}nbo-sQuxdZ4wvx#uvz{dszs '.{}ssoyuvoãE oo-ylÛz}sxd$'.ww^os u
o-^2|uv
 T¸#ÇEµ¬K³dÃ*¸ÅÉ È¸#Ç ±(­@°ÊÈ^³dÃÓ¸XÈ(°Ê´(­ÎÌ¸ÅÉ ¹1´(µ°ÊÈ^³   ¯( % }dp 	 %  p

o A|o-o-w  
| 0 `jz||z xdnb- -
 '
  %  D
 4z x}s{}zsÀnG×uvz|o	@xd2|uv
 µ­@° ÉÏ<«(¬­t´(ÃBÃÍ°×ÐE´(¬[È´   
% ¢}¢ 	 %D% <

/S	¯o-  
? %  } 
P:^zs2+{yy-xsy dw^z2 	¯{}wGnb{} z|obw^{} K{duGKo-wy-o2uvz|{}s xds sxMEzQx#uvz{ds;
 «   




  % dp +
k<lo6z|u^o-w z  |}{}wz|uvl2n 






  % }





× 0 znbn;{ds- G
& % }}D
 :s^2 owEzo-f|oMxdwszs2{	w^{} xd z|zÿuvzybnb{o 	¯{dw½w^{} K{du
sxMEzQx#uvz{ds;





pQ¡   ÏÌ È^³dµº#¶EÞÏ¾+³dµ°
	Ï Ø ³#±®E°B¬EÐd­Å¸#¬
A{}wÿuvosE#xdn;[E4 
× 4{}2} xd -xo-w-EI=
×E0 `oEn;{d2uvlÓk3












× 0 xuv{dsÓ  
 t 
  % }d¢ 
'E{}n;obrtnbw^{X}on;osQuvGz|s Ko-oylÒ:oy-{}}s2z|uvz|{}s
 |}{}wz|uvl2n; xd^oâ{}s  N N 
rts µv¸XÈ´´^ºd°B¬EÐ#±:«    «	      
  Ô¯«(¬­t´(µ¬K³d­Î°Ê¸#¬K³dÃ ¸#¬MÉM´(µv´(¬[È´
È¸#Ç ±(­@°ÊÈ± }²´´È®~³d¬Kº T°×Ðd¬K³dÃ  µv¸XÈ´±±(°B¬EÐ(Ö 22;
K  	






















 «   Ñµ³d¬2±-³EÈ(­@°Ê¸#¬2±8¸#¬ }²´´È®'³d¬Kº Çºd°Ê¸  µv¸XÈ´±±(°B¬EÐ 

N~y-ouuv{}x2 





  % }  
<o-nb{du^o8xddo-sQu$Tk{1 K{} 
}{
low^o$s{  r.Euvon lxd}{}so Ko	¯{dw^o




  % d 
  k*2u^{}w^zxd{}s z|o-sRNâxdwd{XRN~{Eo-|;xs Eo-oyu^o-  |zyMx#uvz{ds½zs
Ko-oylâw^oy-{}dsz|u^z{}s;




  % }d 
rtsQu^o-|z}osQu 	@xd2|uz xdds{}^z|xs+y-{}sQu^w^{}w^oy-{}s  }wvx#uvz{ds;




  % dd
 :zos N~xdw { nb{2o-C	¯{dwC	@xd|u¿2ouvoyu^z{}sÚzsÒEsxdnbzy
ÿuvon;
  ³d­Î­t´(µ¬




  % } +
\-.x#do-z xdsb xds2n1xw $oMxw^sz|s	¯{}wSnb{} z|o.w{} K{duÝ{EyMxd|z)(-xuvz|{}s;








`jz|  d  
*\
  %  
  wdo{	<o^zdsÛnbouvl2{3	¯{}w	@xdz|wo½ou^o-yu^z{}szsÕEsxdnbzybEu^o-nb

ÇE­Å¸#¹b³d­@°ÊÈ^³   T}¢ % 	 %D% 

xdn;xdylzÎ -
  % dQD







Unité de recherche INRIA Rhône-Alpes
655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)
Unité de recherche INRIA Futurs : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
